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SUMMARY
This meanorandim gives the ram-jet operating oconditions over a range
of Mach !hmbor and altitude which must be simulated during ground tests.
Alternative types of plant for this duty are discussed.
BExisting and planned plants in this ocuntry and their individual
- characteristics are described.
; The test ranges of those plants are caloulated, and typical walues
g aro sumarised below for a rom jot operating at an effective fuel-air
P ratio of 0.07 without an eaxhaust nozzle.
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5w Memorandum No. MN,163 P

1.0 Introduction

This nauorandum prusents o new survey of ran=jot teating plants; it
supersedes the previous work by A. Sharpe and R, P, Probert.

Flight conditions dictate the basio requirements, which are sumar-
ised in performance curves.

The weight flow and pressure of the air supply, toéether with suction
capacity and other plant characteristics, are given for each plant considered.

Finally, the predicted testing ranges of the various plants are shom
in graphical form.

2,0 Ground tests reguired

Ram-Jet propulsion systems uust be ground tested before flight tests
begin, There are three categories of ground tests:

(a) Combustion chamber tests
(v) BEngine tests
(e) Ignition tests

241 Combusrion chamber tests = connected rig

Figure 1 siows a dinsramntic arrangement of a comnected rige A
direct measurement of burner performance is made possible by in‘roducing the
air to the burner duct with zero axial mamentum. Ttree charscteristics

define burner performance:

(a) Air-fuel ratios over which combustion is maintained,

. ‘ actual air-fuel ratio
(v) Combustion efficiency., (Defined as the Thooretionl Arinlcenis

at the same air speciric impulsae).

(c) Burner pressure loss factar.

Combustion conditions in flight are aimulated by reducing the test
cell pressure to Just below the choking pressure (M = 1,0) at the ram=jet
outlet, ard not to the corresponding altitide ambient pressure,

22 Engine tests - free-jet

Figure 4 siows the free=-jet testing layout; the ram=-jet intake is
immersed in a supersonic airstream corresponding to the flight conditions.
The diemeter of the sirstream must be suffioient to prevent any interference
with the internal flow of the intake, which may be set at different angles of

'yaw.

2.3  Ignition tests

In the flight of interceptor wcajon ram Jets, ignition ocours at speeds

up to a Maoh Number of approximately 1.8. During the launching period, flow
conditions in the ram jet change rapidly; to simulate those conditions on the
test bed requires special equipment which is not yet fully developed.

CONFIDENTIAL
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At present, ignition tests are carried out in two ways:
(a) On a free-Jet rig at a series of fixed inlet Mach Number.
(v) On u cornected rig at a series of airflows and temperatures.

340  Performance requirements

Figures 2, 3,and 4 show the ram-jet requirements as a function of flight
Maoh Number and altitude in terms of the following parameters: o T

(a) Cambustion chamber air inlet temperature and pressure,

(b)  Weight flow in lb., per scc, per square foot of cambustion
chamber cross sectional area.

() Bxhaust static pressures and total temperatures under
choked conditions, (M = 1.0).

3.1 Assumptions made in evaluating performance reguirements
3.1.1 Intake

Intake design is developing continuously, and some performance assumption
must te made, The intake recovery assumed here is the theoretical maximm for
a central body diffuser with a shock system comprising one oblique and one
normal shock?. For convenience, the values of overall pressure reoovery at
several inlet Mach Numbers are tabulated in PFigure 2, :

341.2 Combustion chamber

The internal drag loss is taken as five times the dynamic head at inlet to
the chamber, )

The variation in air mass flow with effective fuel-air ratic (n,q) is
illustrated by taking two values, namely 0,04 and 0.07.

The curves are presented for parallel aided and nozzle combustion

outlet area
Chambers; the nozele have s=o=tor—=—o= ratios of 0.8 and 0.6. No losses
are assumed in the nozgle,

32 Additional requirements for free-jet testing

Figure 5 shows the variation in blowing pressure with kooh Number and alti-
tude for a free-jet nozzle. The nozsle inlet tamperature is given in Figure 2.

3.2.1 8pill faotor

The size of a supersonic airstream required to teat a rem Jet without
interference to the flow pattern is influenced by the inlet Mach Number and
the amount of air spilled by the intake, Pigure 6 indicates the percentage
excess of free-jet air over ram-jet air against Mach Number; Schlieren
photographs of the airflow around a centre body intake provided the data an

wiich the values are busd3. This intake had s semi-oone angle of 30° ard &
lip position angle of 447,

13
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. The curves show that for a given ____inM_ the spill faotor rapidly

maximum intake flow
decreascs with increasing Wach Number., The percentage epill factor increases
a8 *he intake flow is reduced below its maximum.

Notc that the curves are given for a lip ungle of Mo and the !iu of |

free jet is some function of this nnglc, e ,.".m._“; R

4.0 Influence of ground test requirements on plant specificat

ot air supply temperature

all ram-jet testing plant should includc air temperature control, to
give the range of air tempernture variation met in flight.

Le2 tHunidity <ftects in sup.rsonic nozzlcs

l‘::muidity effects may give rise to condcnsation shocks in supersonic
nozgles™; there are two possible solutions to this problem:

(a) To reduc ti: nosolute numidity by drying. © N
(b} To Yow r th. rilatiwe hu.idity by heating.
The 1att.r solutiocr 23 tis -ore .conomic in ran-jet plant,

Ficur. 7 shows the Sviperature and sinch Nuaber (sg) at which condene
. sation shocks will occur whin -he ~bsolutc huiidity is 0.006 (average summer
conditions in ¢he Britist isl.s), For wx~uple, At a supply pressure of six
atmospleres ~nd with ~n ioentroric compr.csion officicncy of say 85 per cent
the comprossor ocutlet o per.tur. ic L58°K, Under these conditions a maximum
Mach Number orf Je45 is runchd bufore the onsct of condensation shocks.

Table 4 presents the teupcrature corresponding to g, and the flight
temperature for various valucs of nozzle inlet pressurc and flight dach Number.

TidlE I
Nozzle Inlet Pressurd] Flight .nch Hol Flight TcmpcruturJ Temperature at hg
(utmospheres) oK. K.
3 2.0 433 410
2.5 487 486
3.0 605 578
' 6 2.0 495 425
¢ 245 530 506
' 3.0 605 602
12 s 2.y 602 528
50(‘ 6‘0’7 621.'

In most cases, if flight conditions are simulated, tondensation shooks
are avoided.

CONPIDENTIAL
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4e3 Air su ressure for ignition tests

An important plant demand is the need for ignition tests at spesds up
to Mach Number 1.5; to satisfy this requirewent, & minimum pressure ratio of
six atmospheres is required.

5.0 Alternative types of plent
Ram-jet plant must meet thre: different test oonditions, These are:

(a) Low altitude tests =~ FLigh prcssure air to the intake;
atmospheric exhaust. '

(v) Medium altitude tests - Intake air pressure above atmospherio;
exhaust pressure below.

(e) High altitude tests - air induced from atmosphere; exhaust
at low absolute pressure.

The various types of plant for thc above duties are discussed in pars-
graphs 5.1 and 5.2,

+ large supply of vatcr is esscntial to avold limitation of plant
capacity by inadequate cooling of thc exhaust gases.

5.1 Compressed air supply

The high pressurc air demand is met by three separate types of plant;
they are:

(a) Continuous flow comprcgsors,

(b) Discontinuous systens. (i.c. storage tanks pumped up by small
capagity air oompressors).

{c) .ir blced pas turbines.

Figure 8 illustrntes rougnly th. pover demand for a free-Jet test under
sca lcvel conditions; for example 30,000 horse power is required to give a
wach Number 1.85 test with o spill factor of 150 per cent for cach square foot
of combustion chauber arca.

Various kinds of prime mover are uscd to drive continuous flow compres-
sors, the choice is dependent on /ater, clectrical power, and running cost
existing on any particular site.

» way of reducing the power demand is to pump up & storage tank over
a long period of time, and to let the tank blow down during the test. 4
disadvantage lies in the very short testing time available.

Plants exist which bleed off air frou jJot ongines. Ges turbines may
be used in their existing form or they can bc modified to increase the
quantity of air bled off at full engine pressure. The two most practicable
methods of increasing thc airflow arc:

(a)  Reduction of noszslc guide vamearea to lower the tusbine
tl‘l'oughput.
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(®) -Redwption of nozzle guide vane ares as in (&) .together with
rédesigned turdine assembly to cater more efficiently
with the incrcased oxpansion ratio of the bleed engine.

Both methods entail structural alterations, -the former method is
naturally simpler, o I .

Pigure 9 shows the air bleed from an unmodified "Nene" engine and one.
fittcd with redesigned nozzle guide vanes as in (a). The latter gives an
airflow of 14 1b./sec, at 4 : 1 pressure ratio; the corresponding flow for
the unmodified engine is only & 1b./sec,

Air bleed gas turbine plants are easily and quickly installcd, and they
provide a flexible system in that any number of engines may be run together,
Case (a) has higher running costs than those of clectrical plamt.

5.2 Exhausting plant

Thor. are two types of exhsusting plant, they are:
(a) Suction puw;s
(v) Air or stuam operated ¢Jeotors

For bigh mass flous sucticn puans “re usually axial or centrifugal
compressors; ccertain spucinl machines such as the Nnsh Hytors exiat, but
thesc are mainly used for smnll airflows.

Suction pumps require expensive cébling plant to cool the exhaust
gases in order to obtain n reasonable working tcmperature and a low specific
volume -

The compressors uscd to provide the high pressure air can themselves be
used cs exhausters, howcver, this arrangement may present diffioulties with
the matching of the blowing and cxhausting capacities.

A-8clution tc the matching problem is to use the h.ig'h pressure air as
the driving fluid in an air ejcctor. Precheating, and subsequent cooling of

the ejector driving fluld by water injoction increascs the tot:.l output fram
the ejector.

Because they usc an existing supply of air, ejectors have a low capital
cost; their running costas however, sre much higher than thosc for suction
punps, especially when preheater fucl charges are included.

Figure 10 shows the relative performsnce of exhausters and air driven
ejectors for both the normal and stean boosted cases. Using a compressor to
deliver high pressure air at six atmospheres in an ejector gives a higher
airflow throughput over a range of pressures approximately 6.5 - 30 inches
Hg. as compared with th. same compressor used as an exhauster; below 6.5
inches Hg. the suction pump is thc¢ better machine.

Ejectors may be staged in scries when it is necessary to operate at
very low presgsures. Stcam can be used to drive an ejector when a large water
supply is available; it offecrs a better driving fluld when the ejeotors are
staged ns the stenm can be condensed out between stages. Finally, a oombing-
tion of air or steam e¢Jectors with suction pups is possible,

CONZIIENTIAL
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6.0 Bxisting and planned testing facilities in the .dinistry of Supply

6.1 Hercules ~ Nash Hytors = L.F.,A. plant at R,4,B.

The plant at R.A.E. combines earlier existing plant with the Volkenrode
(L.F.A.) high altitude plant which was brought from Germany. The main ocmponents
of this plant are: e

(»)  air drying equipment - - o ~
(1) Butterly air drier (2 machines)
(2) L.F.a. air drier (1 machine)

The whole plant is distinguishcd by its air drying capabilities which
enable a weight flow of 27 1lb./sec. to b. dried down to a moisturc content of
0.0005 1b, per 1b, of air,

(b) Compressing cquipment

Hercules acro engine superchargers (7 mwnchines)

The dlowers are clectrically driven; inlct air is drawn cither from
the driers or from ztmosphere. Tablc 2 givcs the performance of one machine,
the combined performance of severn nnchines is not yet available,

T.BLE IT

Herculcs Comprcasor Pcrfornanco

Delivexry Pressure Weight Flow Delivery Teunp.
(lbo/mnz abs-) (Ib'/SQCQ) OK.
19.5 2.5 325
26,4 3.5 360
29.4 4.0 - 375
36.3 Se1 400
L
(e) Suction cquipment
(1) linsh Hytors suction pumps, (14 machines)
(2) L.F.... suction pups. (3 machines)

The L.F.A, plant, consists of three pumps each having four stages;
two machines can be run independently or in parallel with each other, while
the third is run in series with the first two in order to rcach the lowest

suction pressures.
Hytor and L.F.A. plants.

OONPIDENTIAL
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TABLE 1I1

Performance of the combined Nash Hytor and L.F.A.

Suotion Plants at R.A.B.

Suction Pressure | Dry Weight Flow | Saturated Weight Flow | Inlet Temp. |
- (Inches Hg. abs.) (1b./sec.) (1b./sec.) oK.,
20 38.0 33.75 13
10 22,4 17.25 33
8 18.5 13.9 303
6 ‘ 145 1.2 303
L 10.5 6.7 303
2 4,25 1.5 303

Note that the inlet temperature is controlled by cooling the exhaust
gas; at high weight flow there is only sufficient water to cool down to 40°C.,
while it is possible to reach 30°C. at low flow.

At the moment the rlant is used to run six inch connected tests under
altitude conditions. By the middle of 1953 two further test cells will be
available, mainly tor frec-jet testing.

6.2 01d Site test plant at N.G.T,E.
(a) ress lant
(1)  3.T.H. compressor (1 machine)
(2) "Nene" air blecd gas turbincs (5 machines)
The British Thomson Houston compressor is a 4,000 H.P. electrically
driven four stage centrifugal machine; it has a wide range of speed control
through a Ward-Leonard set.

An aftercooler controls the temperature between 50° - 190°C. Table IV
presents the performance details for two rotor speeds:

CONFIDENTIAL
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TadlE IV
Performance of B,T,H, Compressor at N.G,T,E.

Ro;f;.zf”d Delivery Pressure Ratio ‘(Igzg;:c:}?’ %D%ﬁmtmm)
f k3 . 23,5 190 o
4.0 25.3 190
800 (Max. )4
3¢5 28.0 190
L 3.0 29.7 19
( 3.3 18,2 160
700 9 3.0 21.2 160
g 2.5 2 - 160

The air bleed gas turbincs have redcsigned nozzle guide vancs as dis-
cussed in Sectinn 5.1. Th. charactcristics arc shown in Figurc 9.

Five air bleed cngincs are installcd, it is usual to run three machines
leaving thc otners as spa..s.

(b) Suction plant

The suction plant consists of wo nir cjectors; one is used for six
inch .iameter conn.ct:d t.sts only und is not fitted with o prcheater, the
larger =jector is fitted with n prehcater to boost the driving flow, Design
detai]ss of the large c¢Jjector arc b.s.d on the results of experiments on a
model’,

Tadble V prescnts the perforuance:

TaslE V

Perform:nce of the 01d Sitec Ejector at N,G.T,E.

Suction Pressure cight Flow Inlet Temp.
(Inches lig.) (1b./sce.) °K.
25 L2,0 313
20 33.0 33
15 21.0 373
12 10.0 373
CONFIDENTIAL
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Note that the weight flow includes water vapour left in the ekhmust dy
the oooling process.

The above plant can be used to run five test rigs, they are:

(o) Up to 16 inch diameter ram-jots, sca-level connected rig
tests. ’ .

« e e e mn e e e e mem

(v) Up to 16 inch diameter ram-jets, sea-level free-jet tests.
(1‘ = 1 01‘-5) .

(c) Up to 16 inch diamcter ram=-jcts, altitude connected rig
tests,

(@) Fr«(ee-Jet tea;.a on small diameter high speed intakes.
U = 2.0).

(e) Up to 6 inch diameter ran-jets, sea-lével and altitude
connected rig tests,

6.3 Proposed new plant at N.G.T.B.

A new ram-jet test plant is now almost completely designed. This
plant is to be sited near the new gas turbine laboratories at N,G.T.E. where
it can take advantage of a 14,000 H.P, steam turbine power supply.

The plant is to have an airflow capacity of 200 lb./sec. at 6 : 1
compression ratio, It is intcndcd that this air should be suppiied from two
similar Metropolitan Vickers axial flow compresscrs of 60 lk.-.zec. capacity
each, and from an aircraft compresscr driven by a 14,000 H.P, steam turbine.

Figure 11 shows the plant layout. It will consist of four air ducts
from the compressors which are to feoed either of two twelve foot diameter.
metal test cells; one for tree-Jjet, the other for connected rig teating. .
Under sea-lcvel conditions, the cells will cxhaust direct to atmosphere
through silencers; when altitude tusts are required large doors will close
the exhaust ends and the cells will be exhausted by the 3suction plant.

The suction plant will consist of four similar ejectors fitted with
preheaters, The choice of four instcad of one ejector should give a flexible
arrangement; under reduced sirflow conditions a saving in running cost is
possible because the number of ejectors can be arranged to match the test
oconditions, alternatively the air preheaters may not be used.

The temperature of the incoming air is to be controlled by coolers
fitted in the delivery lines of the two axial compressars and by a 3,000 K.W.
heater which will give inlet air hcating up to 350¢C.

The plant will include certain new features and use new techniques,
these are discussed in an Appendix,

7.0 est nts in industr

T4 Bristol Ae anc .
ress nt
"Proteus" aero engine compressors (3 machines).
CONFIDENT IAL
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The oampressors are electrioally driven; they give a total flow of
120 1b./sec. at 6 : 1 compression ratio. This air supply feeds four test
beds, one of' these is to be fitted with an air ejector.

The ram-jet airflow can be boosted by an inducing nogzle for medium
altitude connected tests; normally 12 1b./sec. at 6 : { pressure air is used to
induce extra air from the atmosphere. The pressure and temperature of the . — e
resultant mixture depends upon the amount of air that is induced.

7.2 D. Napier & Son Ltd.

At Liverpool, thcre is a steam turbine power supply of 10,000 H.P.
which could be used to run suitable compressor equipment,

The existing plant is:

(a) Reavell compressors

Two machines supply a total flow of 33 1b./sec. at a 7 : 1 pressure
ratio and 478°K.

(b) Reavell oxhausters

Three machines can suck 33 1b./sec. down to a pressure of 8 inches Hg.
abs. at an inlet temperatur.e of 367°%..

(c) Coolinc plant

Exhaust coolers are ritted ahich can cool 33 1b,/sec. from 1200° to
3739%. with 1 1b./in.< pressur: iror.

a* the moment this plant is not used for ram-Jjet testing.

8.0 Estimated range of tsts

The curves of the free=jet test range are given in all cases for a six
inch diameter ram-jet operating at an cffective fuel : air ratio of 0.07 with-
out an exhaust nozzle. an e¢stimate of the individual test plant capacities
is therefore possible.

_ 4 8pill factor of 100 per cent is taken in determining the ejector
performgnce in the free-jet case; this performance is taken from model test
results®,

No pressure recovery is assumcd at the ram=Jjet exhaust in the deter-
mination of suction plant capacity; the range of tests prosented can there-
for¢ be regarded as a minimum., Howcver, if some pressure recovery is achieved
by means of diffusers, the pumping pressurc ratio required of the plant is
reduced for given ram-jct cxhaust conditions,

In the case of the cjector plant, the ram=jet cxhaust is assumed to
be cooled down to 100°C. by wnter injection; in the curwes the alrflow
capacity is reduccd by the quantity injected, for cxample, when the ram=Jjet
is operating at the cffective fuel-air ratio of 0,07 the mixturc pumped by
the ejectar consists of 47 per cent dry stcam and 53 pcr cont air.

CONFIDENTIAL
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8.1  Rui.E. plant

8.1.1 Free-jet tests

Figure 12 shows the range of tests; the variation of airflow require-~
ment with altitude for the six inch ram-jet under zero spill conditions is
drawn for a serics of Mach Numbcrs, The inlet air supply preasure dotermines N S
the altitude at which a given hach Number is obtained, hence a limiting pres-
sure line is superimposed on the Mach Number curves, Jbove this line a ram-
Jet cannot be tested as there is insufficient pressure ratio available,
also ahown is the limiting line fixcd by the exhaustor capsacity., For the six
inch ra. jet considercd the exhaustor airflow line lics above the driving
pressure linitation linc, The difference in airflow between the exhauster i
limit and the working point detemines the spill factoar., There is no effective .
limit on the high pressure airflow.

-,

Bxample
Mach Number 2.2, altitulc 40,000 ft.

Prom curve: airflow rcquired = 3.6 1b./sec,

Exhnauster limit 10.4 1b./sec,

Spill factor available is 190 per cent.
It can be scen that rensonnble spill factars can be maintained for Mach
Numbers up to 2.4. #hen cxhaust nozzles are used the air demand is less and
the spill factor is increased.

8.4.,2 vConmcted tests

Pigure 12 also shows the range cf comnected rig tests at three equive-
lent flight speeds, namely i. = 1.5, 2.0 and 2.5,

at a given uach Number, the range of altitude is governed, on the one
hend, by suction plant capacity at the ran-jet exit throat pressure corres-
ponding to the simulated altitude, (8ce Figure 4), and on the other by the
conpressing plant supply pressure, The Mach Number determines the altitude at
which a given exhaust pressure is attained. For this plant there is also a
cooling water limitation which limits the airflow to approximately 20 1b./sec.
for an c¢ffective fucl/air ratio of 0,07.

"The size of ram=jet that can be tcsted is determined with the aild of
Figure 3.

Example
Mach Number 2,0, altitude 70,000 ft.

Figure 12 gives an approximate available flow 3 Le5 1b./sec.
Pigure 3 gives a required airflow of 3.6 1b./sec. per square foot.

Diameter = 15.0 inches.
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! 8,2 N.G.T.E. 0ld Site plant

B.2.1 Pree-Jet tests

Figure 13 shows the range of tests, which is proscnted in a similar
manner to that of Figure 12 and described in paragraph 8.4.f. The air prose
sure available enables a nach Number of 1.5 to be attained under sca-level - s
-conditions; to.obtain a ssch Nuuber of 2.0 it is necessary to reduce the
ambient pressure to that correspanding to an altitudo of 20,000 £t., Under - ..
the latter conditions the spill factor is spproximately 65 per oent using s
6 inch diameter ram-ject.

8.2.2 Connogted tests
The plant provides the following test conditions:
(a) Combustion charber exhaust at atmospheric pressure or above.
(b) Combustion chamber prcssure below ataospheric.

For (a) the available weight flow is sufficient to test 16 inch diameter
chambers, the range of t.sting can be determined from Figures 2 and 4.

The test range for.conditicn (b) ic shcwn in Figurc 13 for threo flight
speeds. Typically, a 14 inch diamctcr chamber oan be testod at a sinulated
flight conlition of W = 2.0 anl an altitude of 55,000 ft.

8.3.1 Free=jct tosts

The main fecatures o1 the planned new site plant will be the higher
Mach Number and greater mass flows at similar iMach Numbers compared with the
plants previously described. A .ach. liumber of approximately 2.9 will be
possible at a s8;.il)l factor of 100 p.r cunt, At lower idach Numbers it will be
possible to test larger ram=jets. ~fFigurc 14 shows that a spill ractor of
490 per cent will bc svailable for a 8ix inch rame-jet operating at M = 2.2
st 30,000 ft.; wore realistically, by reducing this factor to say 100 per cent
the ran-Jet diameter could be increascd to ten inches. With a further reduc-
tion in spill factor to 50 per cent a thirtecn inch diamcter ram=jet could be
tested at flight conditions corresponding to W = 2.2 at 25,000 ft.

Similarly with a reduction in spill factor to 25 per cent a 15,65 inch
diameter ram-jet with a 20 per cent exit restriotor could be tosted at the
same flight condition.

8.3.2 Conneccted tests

Pigures 44 and 15 show the range of tests for combustion chanber inlet
prcssures above and below atmospheric rcspectively.

When the exhaust pressure is atmospheric or above, a total airflow of
200 1b./sec. will be available; this will test thirty inch diamcter combus-
tion chambers, For convenicnce, the duct size that can be tested at K s 2.0
is given in Table VI. ‘
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T..BLE VI
Duct Diameter Altitude
(Inches) (Peet) ' Remarks
PN 60,000 Inlet and cxhaust presswme belowf —f =
- atmospheric
29 50,000 Inlet and exhsust pressure below
atmospheric
2L h0,000 Inlet pressure above, exhaust
pressurc below atmospheric
26.5 30,000 Inlet prcasure above, exhaust
pressure below atmospheric

Boly 3ristol plant

The 6 : 1 pressur: ratio air supply allows free=Jet tests to be carried
out up to r.ach Numbers of approximately 1.7 at sea-level conditions.

Cambustion charbers of up to <2 inch dismeter can be tested with the
maximum flow capacity of 120 1lb./sce.

No estimnte con be made at prescnt of the altitudc test range owing to
the uncertaintics in dusign of the proposed suction plant, but the potential
of the plant is everywherce threc-fifths of the figures quoted for the N.G.T.RB.
New 8ite plant a8 this is the ratio of the air flows.

8.5 Comparison of plant utility in different types of tcsts

Figure 16 illustrates the size of ram jJet which can be tested under
various conditions assuming an air supply at 6 : 4 pressure ratis, The dia-
gram assunes the use of preheated air ejectors for producing vacuum conditions
where necessary,
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Special Featurcs of Planned New Site t at N.G,T

(a) Speed of operation

Bucause the running costs of the plant arc high, the design aims
especially at rapid opcratiocn, Fer example, a change in engle of free-jet
nozzle (anglc of yaw) cun oe made without shutting down the plant. Photographic
recording of all instruments is to be used.

The deors of the tes* cvlls arce to be operated by remote control to
allow a quick changeower rran sca-lovel to altitude exhaust conditions, The
cJector starting cycle will be semi-automatic, and full load comditions should
be recached in aprroximatcly thrce minutos.

(B) Thrust installntion

The range of thrust ticnsurcaent is {rom 1,000 to 30,000 1b. It is
desirable tc use tne same eguipinent to test over the whole range; consequently
the friction loss must nct cxceed tun jounds (4 per cent of 1,000 1b.). &
final choice of suspension arrangcent is not yet made.

Thrust will be measured hydraulically by three instruments of different
range and interchangeable during running.

(c) Ignition test eguinment

Realistic ignition trials demand that the velecity of the inlet air to
the ram=-jet increascs rapicly with time. To fulfil this duty, two 48 inch
diame ter butterfly valves arc to be installed in the int.t pipes to the test
cells. (Figurc 11). The valves will be interconnected to werk simultaneously;
onc valve will open as the other closcs. In this way the air can be switched
at a controlled ratc from a bypass circuit to the test cell. The rate of
opening of the valve dctermines the weighteflow againat time rclationship.
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' ~ FREE-JET TEST ARRANGEMENT
— wn —
_._4‘ X
' 74}
i FREE-TJET NOZ2LE AIR AT SIMULATED FREE
FLIGHT MACH NQ
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CELLATSMUATED \ . ] .
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TO EXHAUSTER
PLANT OR
ATMOSPHERE .

CONNECTED COMBUSTION CHAMBER TEST
ARRANGEMENT.
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AIR AT COMBUSTION CHAMBER
INLET CONDITION

CELL AT COMBUSTION CHAMBER
EXIT PRESSURE CONDITION

WATER COOLING
— — MANIFOLD
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VARIATION OF EXHAUST CHOKING PRESSURE WITH
ALTITUDE AND MACH. NUMBER.
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CONFIDENTIAL FIG 5

VARIATION OF INLET PRESSURE TO FREE-JET
RIG WITH MACH NUMBER AND ALTITUDE.
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SPILL FACTORS FOR CONICAL

INTAKE TESTS AT ZERO INCIDENCE.
(REPRODUCED FROM REFERGNCE 3)
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FIG.7
EFFECT OF NOZZLE INLET TEMPERATURE
ON Mc FOR VARIOUS INLET PRESSURES
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HORSE POWER
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POWER OEMAND FOR FREE-JET.

TEST UNDER SEA-LEVEL CONDITIONS.
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CONPIDENTIAL FIG. 9 L

% \
CHARACTERISTICS OF NENE\ AIR BLEED ENGINE. F_
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COMPARISON OF EJECTORS AND SUCTION
PUMPS AT 6/ PRESSURE RATIO
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TEST RANGE OF N.GT.E. NEW SITE PLANT
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RAM-TJET COMBUSTION CHAMBER DIAMETER-INCHES
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COMPARISON OF RAM-JET SIZES

FOR DIFFERENT TYPES OF TESTS

ON COMMON PLANT AIR SUPPLIES.
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